The inhibition of corrosion of mild steel in HCl solution by naturally occurring Acacia senegal has been studied in relation to the concentration of inhibitor and concentration of corrosive medium. It has been observed that the Acacia senegal alcoholic extract acts as a good corrosion inhibitor in hydrochloric acid solution and the adsorption of the extract provides a good protection against mild steel corrosion.
Introduction
Corrosion is the destructive attack on a metal or metal alloy by chemical or electrochemical reaction with its environment 1 . Corrosion of metal is a major industrial problem that has attracted a lot of investigators in recent years [2] [3] [4] . Corrosion inhibitors are of great practical importance, being extensively employed in minimizing metallic waste in engineering materials 3 . Many current corrosion control methods use coating and conversion layers which contain toxic and environmentally hazardous material. There is a great need to find a non toxic replacement that is compatible with current industrial technologies. Well known as non toxic compound and due to their availability and relatively low cost, naturally substances find various applications in many fields. Like tannin, beet root 5, 6 , saponin 7 , tamarind, tealeaves, pomegranate juice peels 8, 9 and the mixture of the later three sapindus, trifolianus and acacia concianna 10 , swertiw aungustefolia 11 and prosopis juliflora 12 which have been evaluated as effective corrosion inhibitor.
Mild steel find a variety of application owing to its excellent strength and workability. The corrosion of steel has long been an important problem causing losses in excess of US$ 100 billion annually worldwide. The corrosion inhibitor of mild steel in different acid media has been studies by various authors [13] [14] [15] [16] . In the present work, an attempt has been made to study the influence of varying concentration of constitutes and substitute extracts of Acacia senegal the corrosion rate of mild steel in 0.1 N hydrochloric acid to 5 N hydrochloric acid. Acacia senegal belongs to the fabaceae family. Its seed are dried and preserved for human consumption 17 . Causing partial destruction of many alkaloids including atropine, hyoscyamine, scopolamine, homatropine, morphine, apomorphine, cocaine and physostigmine, gum acacia might be viewed as a possible antidote. It is pharmaceutically used mainly in the manufacture of emulsions and in making pills and troches, as demulcent for inflammation of the throat or stomach and as masking agent for acrid tasting substance such as capsicum, also as a film forming agent in peel off masks. The alkaloids found in Acacia senegal include less than .1% DMT and NMT in leaf [18] [19] . 
Experimental
For the mass loss determination, rectangular specimen of mild steel of size 1.5x2.5x.025 cm were so cut from a sheet having chemical composition as carbon (0.14%), manganese (0.32%), sulphur (0.05%), tungsten (0.02%) and rest mild steel. To clean the specimens were abraded with various grades of wax coated emery paper (1/0,2/0,3/0,4/0) and successively washed with benzene and soap and distilled water and finally with acetone then dried and weight. The metal coupons were than suspended with the help of glass hooks in borosil beakers containing 50 mL of corrosive electrolyte for complete immersion test. The solution of 0.1 N to 5 N HCl were prepared using doubly distilled water. The Senegal extract was obtained by dried the parts of plants, then finely powdered and extracted with boiling methanol. The solvent is distilled off and residue treated with inorganic acid. Where, the base is extracted as their soluble salt. The free bases are liberated by the addition of any base and extracted with various solvent eg. ether, chloroform, etc. The mixture of base thus obtained is separated by various methods into the individual compound 20 .
Br -
The test specimens were studies for complete immersion test in different acid solution at 298±1K temperatures with and without inhibitor, after removal of the corrosion product. The duration of immersion time is 24 h and is indicated in respective Tables. After the immersion period the specimen was cleaned carefully as per champion. Corrosion rate (mmpy), inhibition efficiency (η%), rate constant and half life were calculated from this mass loss data. The results are depicted in respective Table. The inhibitor efficiency (η %) is calculated as 21 .
η%=100(∆Mu-∆Mi / ∆Mu) (1) Where the Mu is the mass loss of metal in uninhibited acid and Mi; mass loss of metal in inhibited solution. The degree of surface coverage (θ) can be calculated as θ = ∆Mu-∆Mi / ∆Mu (2) Where θ is surface coverage and ∆Mu and ∆Mi are the mass loss of the metal in uninhibited and inhibited acid. The corrosion rate in miles per year can be obtained by the following equaction 22 .
Corrosion rate = mass loss X 87600 Area X time X density (3) Where mass loss in gram, Area is in of metal surface exposed time is expressed in hours of exposure and metal density is expressed in gram/cm 3 .
The corrosion current (i) can be calculated as 23 -
Corrosion current (i)= Corrosion rate X F / n Where F is faraday (96500) and n is number of electron. The inhibitive action and the compound will also be investigated by using mylius thermometric method. This involved the immersion of single specimens (2.5x1.5x0.025 cm) in a reaction chamber containing 50 mL. of solution at initial temperature 298±0.1 K. Temperature changes were measured at intervals of 5 min using thermometer with a precision of 0.01 K. The temperature increased slowly at first them rapidly and attained a maximum value before falling. The minimum temperature was recorded the percentage inhibition efficiencies in this case were calculated 24 .
η = 100 (RN free -RN i ) / RN free (4) Where RN i and RN free are the reaction number in the presence and absence of inhibitor respectively and RN (K Min -) is defined as RN = (Tm-To) / t (5) Where Tm and to is the maximum and initial temperature respectively and t is the time required to reach the maximum temperature in minutes.
Results and Discussion
All the inhibitors have reduced the corrosion rate to a significant extent. Corrosion rate, inhibition efficiency, surface coverage, corrosion current, rate constant, half life with or without inhibitor are show in Tables 1-4 .
Effect of concentration-The η% calculated from the mass loss measurement for. 1 N to 1 N HCl solution. It is found that the inhibition efficiency increases with increases of inhibitor concentration for different plant extracts from 0.12%to 0.6% from the mass loss data. It was concluded that the plant extracts act as a good inhibitor for mild steel in HCl solution. Table show that the leaf extract of Acacia senegal has maximum inhibition efficiency.
Kinetic parameter-From Tables 1-4 , the rate constant at 298K show a general decrease with increases inhibitor concentration, inhibitor efficiency, half life of the metal -corrodent-inhibitor system. Similar trend in kinetic data has been reported by several investigators and indicate that a good inhibitor is one that is able to increase the time of conversion of metals to corrosion products. Table show increases in half life when inhibitors are present, which further support the assertion that the natural product are corrosion inhibitors for mild steel in HCl solution. The variation of reaction number with inhibitor concentration, presented graphically in (Figure 6-9) , show reaction number decreases with increasing inhibitors concentration. Adsorption isotherm -Adsorption plays an important role in the inhibition of metallic corrosion by inhibitors. Many investigators have used the Langmuir adsorption isotherm to study inhibitors characteristics 25 . 
Should give a straight line of unit gradient for the plot of (θ/1-θ) versus log C where θ is surface coverage, A is a temperature independent constant and C is concentration of the inhibitor. The corresponding plot Figure 5 is linear but the gradients are not equal to unity as would be expected for the Langmuir adsorption isotherm equation.
A wide range of substance can inhibit the corrosion of metal in aqueous acid solution. These include relative simple substance such as C,P, Br and I ions and many organic compounds, particularly those containing element such as N, O, S, P, As and Se. The primary step in the action of inhibition in acid solution in generally agreed to be adsorbed on the metal surface. Beside electrostatic interaction, inhibitor can bond to metal surface by electron transfer to the metal to form a co-ordinate type of link. This process is favored by the presence in the metal surface of vacant electron orbital of low energy, such as may be found in transition metal. Electron transfer from the adsorbed species is favored by the presence of loosely bound electrons, such as may be found in anions and neutral organic molecules containing lone pair of electron or II electron system associated with multiple bonds or aromatic rings. In organic compound suitable lone pair of electrons for co-ordinate bonding occur in functional groups containing elements C, N, S. the tendency to stronger co-ordinate bond formation by these elements with decreasing electro negativity in the order O<N<S<Se [26] [27] and depends also on the nature of the functional groups containing these elements. The structure of the rest of the molecule can affect co-ordinate bond formation by its influence on the electron density at the functional group [28] [29] [30] .
In the present study it is assuming that total alkaloids of the natural products are adsorbed on the metal surface and decrease the surface area available for cathodic and anodic reactions to take place.
